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AB S TRAC T '*

This report deals with the surface roughizess of Echo IL '_t is i.

shown that when a cw sijnal is reflected from Echo II, the. power
spectral density of the returned signal is related to the scattering cross- }
section per unit area of *.he Echo surface by an Abel h__egral equation,

I The solution to the integral equation is used to compute the scattering i
function from experimentally obtained curves of power spectral density,

I The results indicate that the RMS slope of the surface of Echo II isapproximately 1.5 .
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| THE SURFACE ROUGHNESS OF ECHO !I-

A PRELIMINARY STUDY

INTRODUCTION

Communication experiments presently being conducted ou Echo

II have two purposes: to evaluate the characteristics of Echo II as a

I communication channel and to determine the physical condition of the !balloon itself. Of course, these two areas of research overlap some-

what, since the communication capability is related to the surface

I condition of the balloon.

This report deals with the surface roughness of Echo IL When

I an unmodulated carrier is transmitted over the Echo link, consider- i
able amplit_de scintillation is observed in the return signals[l]. This
scintillation is b_lleved to be due to the fact that the surface of the

I balloon has sligh_roughness and the balloon is rotating (in addition to
it orbital velocity), thus causing a frequency dispersion in the reflected

signal. Although it is not known what caused the balloon to acquire a

I spin, it has been determined from telemetry data that Echo II rotates
with a period of approximately I00 secondsL2]. Also, Julian and Hynek

[3] have noticed a periodicity in the signal fluctuations of 104 seconds,

I the rate of the balloon makes it possible to calculate
Knowing spin

(after certain assump'ions are made) the scattering cross-section per

unit area for the surface, which can then be used to estimate surface

I in the of Echo I the is "
roughness. Unfortunately case spin rate unknown,

(at least to this author) which makes it more difficultto estimate sur-

I face roughness.
In this report, the scattering cross-section function is defined

and the relation between it and the power density spectrum of the re-

I ceived signal is derived, for the case of a monostat[c radar. The
result is in the form of an Abel integral eqt_atlon, which is easily solved.

i By this method the scattering cross-section ft'nction of F cho II can be !'.found from the power density spectrum of the received signal. The

scattering function may then be used to estimate the surface roughness

I of the balloon.
Experimental curves of Power Density Spectra for revolution nurn-

bern 1730 and 1836 are presented and are used to calculate the scattering

I
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function. The data obtained during these two passes were typical of
that taken during most passes.

PRESENTATION OF THEORY

When a radio slgnRl is reflected from Echo H, two types of
doppler shiftoccur. First, there is a large overall doppler shiftdue

to the orbital velocity of the sate]/ite(50 kc is typical at Z kmc) and

second_ there is a frequency dispersion (or srnear_.ngof the spectrum)

due to the rotation of the balloon about its spin axis and the roughness
o{ the balloon surface. For the case of an unrnodulated transmitted

signal, the power density spectra of the incident and reflected s_?nals

are shown qualita_,ivelyin Fig. I. In _his report, only the spect_ _,I

Power
Density

Spectra

Spectral Smearing O_e
To Balloon Rotation

O0

Inciden, f, _ Reflected

Sign.al,,,_,j,ImpuIse) j_.._ Signal, , • .'.._' _- Frequency
Overall Doppler

-_--Shift Due To
Orbital Velocity

Fig. I. Power density spectra of incident and

reflected signals.

smearing due to rotationwill be considered. At The Ohio State Unlver-

sit7 SatelliteCornrnunica .ionCenter, the overall doppler shiftdue to

orbitalvelocity is removed by a tracking oscillator, and hence does

not appear at the receiver output,

"i u i i
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I The time-average signal power received from _ch_ il is related

to the time-average qcatte ringrangeCrOSs-sectiOnequation.OfBythe satelltte _ "_-t_I through the well known radar calibrating _he
syat_m

parameters in a given experiment, the aosolute valu_ of _'t may be com-
puted. This calculation i_,the subject of other repoztsL 5,6,7] and will

I be treated here,
not

Let an xyz coordinate system be placed at the center of the

I satel/ite, the x-axls chosen to lie the directionspherical along

of incidence. We define the function 7{Y,z) as the average backscatter

cross-section per unit projected area. That _s, 7(y,z)dydz represents

the contribution to the total average cross-section _t from the portion
of _he projected surface area lyingbetween y and 7 + dy and between z

and z + dz, This situation is shown in Fig. Z

i

tI ),!y, z)dydz = Con,ribution Of

' A_ J
I / -'_ v2 _v2 < E;_'Projected Echo IT i " "" -

Surfoce , As Seen '=
.| From +x Direction

Fig. Z. Projected area of Echo II :_:rface.

I

I ;m_Without loss of generality, the angular velocity vector due to the

satellite spin, G p may be supposed to lle in the xz-plane_ making an

I angle v with the z-:_xis, as shown in Fig, 3.

Then the x-component of velocity (the component causing doppler

I shift) of a point on the surface of the sphere is given by i _'

I

i i i il i
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Fig. 3. The angular velocity t_ .

t

(1) vx = -_y cos v

wh- re

_'- Vx = the x-component of velocity and t_= I_I. The dop:.'er
-_ shiftof the m'_nal reflected from a point (y,z) is then

;"_o Z_o_
(Z) ._ =-- vx = ---- y cos v = Ky

C C r

' 'e'_

! where

A_ = doppler shift (tad. / sec. )

_o : carrier frequency (rad./ sec.)

c --veloc'ty o£ light E

and

4

L
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K-- cos "1-.

Thus ali points on the surface of the satellite with a given y-
coordivate cause r.he same dop21er shift.

Let P(co) be the one-sided power density spectrum of the received
eigr_l; i. e.,

(3) Average Received Power = _ P(c0)d_o .
O

Define the function F(y) as

(4) F(y) = P(_o)]_=_0o + Ky

m

(5) = P o c y cos V .

We will call F(y) the doppler function. Aside from a constant due to the

parameters in the rad&r range equations F(y_iy is the contribution to the
total cross-section of aU points on the satellite Surface lying between y
and y + dy, i.e. all points with a given doppler shift Thus ..

R-

(6) F(y) = 7(y, z)dz

whe re R is the radius of the sphe re.

-!
Finally, we make two assumptions. First, we assume that the _ _

value of 7(yJ z) actually depends only on the angie 1'a" between the unit

vector _ and the normal to the spherical surface, At,as shown in Fig. " i
4. Then the value of 7(y,z) may be denoted by 7o(a). a function only of

a. $_ad s_condlv, we make an assumption which is actually implicit in
the above assumption, namely that the function 7o((X)_s the same function _i

for all points of the surface. For a very rough object, Suc_the moon, !i._i!
these conditions would not bold, but it is felt that in the case of Echo If,

which is much smoother, they will be realistic. With these assumptions,

i
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FiE. 4. The angle "e".

Eq. (6) may be rewritten as follows. With (r,e,_) as defined in Fig. 3,

(7) _=x*sin0_o,_+_s_n_sin_+__o,_.

and for any point on the surface of the sphere,

(8) cosa = _. Ar= s_ e cos#

or

• (9) cos 2 a = sL_ e cos _ _ .

Also, for a point (on the sphere) with coordinate y,

2

6
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i,

l Combining Eqs. (9)and (i0)gives the relation

(ii) cosaB= i - sinzS= I - o;Za + : sL_ a -

!
so that the z-coordinate of the point is given in te_ms of y and a as

I (iZ) z=Rcos0= IRZ sinZa-y a .

• !
Hence also

(13} dz = Rz sin cLcos a dc_

and Eq. (6)may be written

_IZ

R _ s_na cos a da

_ a=sln-i (_R) --

I
i Since F(y) is known (i.e., measured), this is an integral equationfor 7o(U). By inverting Eq. (14), 7o(U) may be calculated from F(7 ).

Equation (14) may be solved as follows. Making the change ofvariable s



Next, defining the functions

(18) g(_)=_,o(si,-,-I,r_--)
g.

(19) f(_}_Fm ._-)
R

gives

_1:=1

which is recognized as a form of Abel's Equation. The solution is easily
obtained [8,9]; itis

I

(Zl) g(_l)- i d ( f(_) d_.

w d_ J

Finally, using the inverse relations

(ZZ) s = sin'l_ "-

Z

(z3) g=

gives

from which the scattering function 7o(C0 may be calculated from the power
density spectrum. This calculationis done in the next section for two

typical experimental power density spectra curves taken on Echo II.

8
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I
EXPERIMENTAL RESULTS

J In Figs. 5 and 6 are shown two typical curves of power spectraldensity "ersus frequency. These experimental curves were obtaihed
during Revolution numbers 1730 and 1836 of Echo II. The satellite was

J illuminated with an unmodulated carrier at ZZY0 mc/sec from a trans-mitter at Ohio University, Athens, Ohio. The reflected signal was re-
ceived at Columbus, Ohio at The Ohio State University Satellite Com-

j munication Center[ 10]. The signal was processed through an envelopedetector and recorded continuously on magnetic tape for later analysis.

t

J 0.6 ,-,
L

. P (w)

1 '0.4 :

i ,.\ '
f

I C _
0 I0 20 30 40 50

i Rodions
Second l

i--
I _
I Fig. 5. Relative power spectral density of Echo II 1

signals (Revolution No. 1730)._

I
I
I 9

!
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0
0 I0 20 30 40 50

Rodi_ns
Second

Fig. 6. Relative power spectral density of Echo II
signals (revolution No. 1836).

The recorded signal strength fluctuations were sampled at a rate
of 50 samples per second and processed on the Ohio State University
IBM 7094 digital computer to obtain the autocorrelation function of the
signal[ __1,1Z,13,14,15]. The power spectral density curves were then
computed as the Fourier Transforms of the autocorrelation functions.

The data from revolution numbers 1730 and 1.836 have been selected

(more or less arbitrarily) as being representative of similar data obtained
for many passes[ 16,17]. The above description of the data-processing

techniques used is not intended to be complete but only to serve as a brief
general discussion. More detailed descriptions of the data analysis may
be found in several previous reports[ 11-17].

The results of applying Eq. (Z4) to the curves o£ Figs. 5 ad 6 are
shown in Figs. 7 and 8. It is seen that for angles of incidence c_ greater
than I0 ° (from the normal), there is ro significant backscatter from the

rough surface. The scattering function has dropped to a value of 0.5 by
I. 5-. Considering the surface of the balloon to have a height which varies
randomly _bout a true spherical shape, we may use the angle a at which

I0

_r EL I I I II I I I II I ]I I I II III II IIII I I I :I{I I i ! I ...................................... . : .... . ......... !
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[ t i_ 0.6

0.4 .......

• 0.2 •

0

_ |
_ a lDegrees)

_ I Fig. 7. The scattering fm_ction Vo(a) vs. angle of
_: 1 incidence a for revolution No. 1730, i

m Vo(a) = I/_-as a rough estimate of the RMS slope of the surface (the ,"

I slop relative to a perfectly spherical surface). Based on this "rule-

_ of-thumb", the RMS slope of the surface is found to be approximately
"! I 1½°. (This rule-of-thumb is based on the experimental results obtained

_ for many types of rough surface scattering measurements made at the
_i m Antenna Laboratory. Of course, there is nothing rigorous about this,

I but it is believed to be an adequate engineering guide. ).
The experimental curves obtained in Figs. 7 and 8 can also be

i compared with theoretical curves which have been obtained by Ott[18]

II
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0.6

Yo(a)
t

; 0.4 "

: 0.2

0
0 2 4 6 8 I0

• a {Degrees)

Fig. 8. The scattering function ¥o(CL)vs. angle of
incidence a for revolution No. 1836.

for a number of differentmathematical models of a rough surface.

OttSs formu.las can be made to fitthe experimental curves approximately

by adjusting the parameters Ixthis formulas. However, since itis not
known which mathematical model is the __,_ostaccurate description of

the surface statistics,itis not known _'},,etherthis method is any more

accurate than the above "rule-of-thumb".

CONCLUSIONS

The relationship between the power density spectrum of the echo

from a rough rotating sphere Rnd the surface scattering function of the

sphere h,_sbeen derived. This relationshiphas been shown to be in the

form of an Abel integral equation_ the solution of which allows the scat-

t_ring function to be calculated from the power den0ity spectrum.

IZ
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Experimental data for t1_e power density spectra for two repre-
sentative passes of Echo II have been used to calculate the scattering

function.

The results of this calculation show that there is no significautbackscatter for angles of incidence greater than 10 ° off the normal, i

The RMS slope of the surface roughness is estirnat_d to be 1.5 o. i

I
!
I "
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